Three new phoretic mites from France and Gabon are described. Macrocheles lumareti sp. nov. (from France) was collected on Copris lunaris (Coleoptera, Scarabaeidae). Both M. bertrandi sp. nov. and M. ovoidalis sp. nov. (from Gabon) were collected on Stomoxys calcitrans (Diptera). On the basis of morphological characteristics, M. lumareti and M. bertrandi were identified as belonging to the M. glaber and M. muscadomesticae groups respectively. Genetic analyses using an ITS marker confirmed that M. lumareti belongs to the M. glaber-group s. str., more closely related to M. glaber than all other species. The analysis did not support M. bertrandi as a member of the M. muscaedomesticae group. The third species, M. ovoidalis, using both morphological and genetical markers, appeared clearly isolated from all other known Macrocheles species.
Introduction
Coprophilous macrochelid mites play a regulatory role in the coprophilous community by feeding on small invertebrates that develop in cattle dung, such as flies, nematodes and other mites. Macrochelid females usually disperse from one substrate to another using phoretic associations with dung beetles (Evans & Browning, 1956; Evans & Hyatt, 1963; Krauss, 1970; Wallace et al., 1979; Krantz, 1983; Koehler, 1997; Halliday, 2000; Takaku, 2001; Takaku & Hartini, 2001; Niogret et al., 2006) . A few species are found on Diptera, including specialized species like M. subbadius Berlese and M. muscaedomesticae Scopoli, and some generalist species in the M. glaber group are also found on flies that breed in dung pats. A survey of macrochelid mites associated with dung-breeding insects revealed three new species, which are described here. In recent studies, original genetic data has provided new criteria for species identification to complement morphological criteria (Vargas et al., 2005; Tixier et al., 2006a, b; Niogret et al., 2007) . In this paper, we describe the new species using both morphological and genetic data (based on ITS sequences) which allow phylogenetic comparisons and permit a more precise determination of the systematic position within the genus.
Materials and methods

Field sampling
Macrocheles lumareti sp. nov. was collected in May 2006 at St Germain-Les-Buxy (France): 46° 42' N, 4°4 6' E, elevation 206 m, on the body of Copris lunaris L. (Coleoptera: Scarabaeidae). Macrocheles bertrandi sp. nov. and M. ovoidalis sp. nov. were found on Stomoxys calcitrans (L.) (Diptera: Muscidae) in Gabon 2006: Bakoumba, 1° 79' S, 13° 04' E, elevation 623 m, June 2006, in an area of equatorial climate. The beetles were collected alive using pitfall traps baited with fresh cattle dung (CSR model, Lobo et al., 1988; Veiga et al., 1989) . Flies were trapped with Vavoua traps (Lavassière & Grébaut, 1990) . The other macrochelid species used for comparison were collected in France using the same apparatus: (1) Macrocheles glaber (Müller) (Niogret et al., 2007) 
Laboratory breeding
Female mites were collected alive on the body of their carriers and were reared individually in cylindrical plastic vials (height 84 mm; diameter 54 mm) on a little cattle manure renewed weekly. Mites were fed live nematodes and a mixture of re-hydrated dry mosquitoes and fly larvae. Cultures were kept at 20 ± 2° C and 75% relative humidity. Individual female progeny were used for morphological and genetic analyses.
Morphological description
Adult females were kept in 70% ethanol, cleared in hot lactic acid and dissected under an Olympus ® SZH stereoscopic microscope. Specimens were mounted either on temporary or permanent slides using lactic acid or Hoyer's medium. Observations were made with a Leitz Dialux ® 20 EB microscope. A 480 Motic ® digital camera driven by Motic ® Image Plus software 2.0 was used for measurements of the dorsal, the sternal and the epigynial shields (mean ± SD µm). Measurements were taken as follows: dorsal shield length corresponds to the maximal length in the sagittal axis; width corresponds to the maximal width of the shield at the level of seta r3. Sternal shield length is the maximal length of the shield in the sagittal axis; width is the maximal width between the coxae II. Epigynial shield length is the length in the sagittal axis.
Molecular analyses
DNA extraction. Two to three mites from the same culture were crushed together in 75 µl of extraction buffer (0.1 M Tris, pH 8.0; 0.02M EDTA; 1.4M NaCl; 2% CTAB). The mixture was incubated at 65° C for 2h. Chloroform was added and then centrifuged for 5 min. Cold isopropanol was mixed into the aqueous layer, then stored at -20° C for 20 min, centrifuged for 15 min; the pellet was washed with 100µl cold 70% ethanol and dried at 37° C then rehydrated in 20 µl dH 2 O (see Niogret et al., 2007 for more details).
PCR amplification. Amplification of the ITS-1 region was performed with 18S and 28S primers based on the sequence from Phytoseiidae mites (Navajas et al., 1999) . PCR was performed with 5 ng of mite DNA, and amplified in a PTC-100 thermal cycle (MJ research) (94° C for 2 min, followed by 35 cycles of 92° C for 60 second, 57° C for 35s and 72° C for 90s). Additional 7 min at 72° C allowed for last strand elongation. Negative and positive controls were run simultaneously (see Niogret et al., 2007) .
Sequence data. Sequencing of the double stranded PCR product was performed with an ABIPRISM ® 310.
Sequence fluorograms were examined and corrected in Chromas ® version 1.45 (Griffith University, Brisbane, Australia). These genome regions were aligned using progressive multiple-sequence alignment: ClustalX ® version 1.81 software (Thompson et al., 1997) . Genetic analysis. The ITS-1 sequences used in this study were considered the best markers for showing intra-and inter-specific variability (Wesson et al., 1993; Gandolfi et al., 2001) .
Phylogenetic analysis. Phylogenetic relationships were tested by parsimony analysis, using the Branch and Bound method with the program PAUP*4b10 ® for the Windows operating system. The Parsimony Branch and Bound analysis was done without character weighing, and gaps treated as missing characters. Robustness was examined by bootstrap analysis, with 1000 replications to achieve strong significance. More than 50% of values were considered acceptable, and >95% values were very consistent. Macrochelids and Coleolaelaps sequences were compared with another outgroup Sternostoma strandtmanni Furman (Acari: Rhinonyssidae) on the GenBank website.
Family Macrochelidae Vitzthum, 1930 Genus Macrocheles Latreille, 1829
Macrocheles lumareti sp. nov Female. Yellowish-brown in colour, medium size. Dorsal shield (Fig. 1a) . Shield similar to M. glaber in shape, longer than wide, with procurved line underlined by punctured lines; length 808 ± 91 µm, width 444 ± 34 µm (n = 6); reticular pattern underlined by punctures with large and irregular pentagons or hexagons; reticular pattern weaker in regular curved lines around setae J2; two distinct small cracks close to setae j6. Shield with 28 pairs of setae; j1 pilose and directed forward; z1 smooth, reduced in length; setae j4, z2, z4, and r2-4 pilose and j2, j3, and s4 distally pilose; J5 serrated for its whole length; Z5 and S5 barbed.
Ventral idiosoma (Fig. 1b) . Tritosternum and peritremes normal for the genus. Sternal shield rather large, length 160 ± 4 µm, width at level of coxae II 156 ± 1 µm (n = 6); with three pairs of smooth setae and two pairs of pores; surface ornamented with weak relief unmarked by punctures, a discrete linea media transversa; pair of linea oblique anteriores weakly visible; part of linea angulata, two lateral ridges and one linea arcuata forming a first rectangle; posterior linea arcuata, part of linea media transversa and two lateral ridges forming another quadrangular shape. Posterior part of sternal shield with sparse and irregular weak punctures; area punctiformes not visible and area punctata posteriores undelimited. Epigynial shield wider than long; 110-114 µm long, 145-165 µm wide; with a pair of setae. Epigynial shield with sclerotization attenuated anteriorly; sclerotized lines forming two arched patterns underlined by punctures, without other visible ornamental pattern. Ventri-anal shield as wide as long (ca. 258 µm long), with seven semiconcentric lines underlined by weak reticulations; longitudinal and lateral ornamentations obscure; with three pairs of pre-anal setae, a pair of para-anal setae and a post-anal seta. Metasternal plates elongate, with a pore and a simple seta. Gnathosoma. Typical of the M. glaber-group. Chelicerae (Fig. 1c) robust with well developed median tooth, pyramidal in shape; pilus dentilis straight; movable digit with a large tooth and one smaller tooth; arthrodial brush reaching mid length of movable digit; hypostomal groove with five transverse rows of denticles. Palp similar to that of M. glaber. Epistome glaber-like in shape with smooth lateral lobes and pilose central branch (Fig. 1d) .
Spermatheca. Sacculus wide, elongate (45 µm width); sperm ducts open in the lateral vesicles (spherical lobes) with large tubular section; corniculus long (ca. 50 µm), median sacculus rounded, pear-shaped. Legs. Setae simple or lightly pilose at the distal end except setae on genu I, tibia and basitarsus IV; tarsi with long thin setae. Genu IV with 6 simple setae.
Etymology. The species is dedicated to Professor Jean-Pierre Lumaret, University of Montpellier (France). (Fig. 2a) . Shield elongated, similar to M. robustulus in shape; longer than wide; length 591 ± 45 µm, width 319 ± 14 µm (n = 6), with distinct ornamentation underlined by punctures, divided by the procurved line at level of setae s5; reticular pattern irregular with pentagons or hexagons; shield with 28 pairs of setae; j1 directed forward and weakly pilose distally; z1 smooth, reduced in length; all other setae simple, except J5 serrated for it whole length.
Ventral idiosoma (Fig. 2b) . Tritosternum and peritremes normal for genus. Sternal shield longer than wide; length 148 ± 7 µm, width 103 ± 9 µm (n = 6); with three pairs of smooth setae and two pairs of pores. Weak ornamentation underlined by punctures; discrete linea media transversa underlined by some bigger punctures; oblique anterior lines and arched line not visible; punctate angular lines similar to those of M. muscaedomesticae group; posterior half of sternal shield with indeterminate area punctata, irregular and sparse large punctures between st3. Epigynial shield longer than wide; 98-100 µm long, 96-98 µm wide; with a pair of setae; shield weakly ornamented, sclerotized lines forming three arched patterns underlined by punctures, two of them cross a central ovoid shape formed by punctures. Ventri-anal shield longer than wide (ca. 166-170µm long); with eight main transverse punctured curved lines, longitudinal lines and lateral weak ornamentations; with three pairs of pre anal setae, a pair of para-anal setae and a post-anal seta. Metasternal plates elongated with a pore and a simple setae.
Gnathosoma. Typical for the M. glaber-group. Chelicerae robust ( Fig. 2c ) with well developed median tooth, pyramidal in shape and a terminal hook, pilus dentilis straight; movable digit with two teeth; arthrodial brush reaching mid length of movable digit. Hypostomal groove with five transverse rows of denticles. Epistome with a pair of broad lateral elements, tapering distally, median element thinner and shorter, forked distally.
Sacculus foeminus M. glaber-like. Legs. Setae simple or lightly pilose at the distal end, except setae on genu I, tibia and basitarsus IV and tarsi long and thin. Genu IV with 6 simple setae, leg IV chaetotaxy typical for the genus.
Etymology. The species is dedicated to Dr. Michel Bertrand, Acarologist, University of Montpellier (France). Female. Brown in colour, medium size. Dorsal shield (Fig. 3a) . Shield rounded, longer than wide; length 488 ± 53 µm, width 280 ± 8 µm (n = 6); with distinct ornamentation, punctured procurved line, reticular pattern of irregular pentagons or hexagons heavily covered by punctures; polygons less visible in median zone. Shield with 28 pairs of setae; j1 directed forward, expanded and pilose in distal half; z1 smooth, reduced in length; setae j2-6, z1, z5, z6, s1, J2 and J5 simple; S4, S5 and Z4 pilose in distal third; Z5 weakly pilose in distal third; other setae distally pilose.
Macrocheles ovoidalis
Ventral idiosoma (Fig. 3b ). Tritosternum and peritremes normal for genus. Sternal shield slightly longer than wide; length 104 ± 10 µm, width at level of coxae II 98 ± 4 µm (n = 6); with three pairs of smooth setae and two pairs of elongated pores. Strong globular ornamentations aggregated and forming symmetrical grapelike pattern (19 polygons per side); anterior margin (around first setal insertion) and posterior margin lacking in such an ornamental pattern, with only sparse punctations. Median transverse line, oblique anterior lines, angular line and arched line not visible. Epigynial shield wider than long; 168-171 µm long, 193-197 µm wide; with a pair of setae; shield with strong ornamentation, with several backward-directed arched lines forming a tile-like pattern; four median arched lines crossed by four other arched lines on each side of the shield. Ventri-anal shield wider than long, 74-77 µm long, 111-115 µm wide, covered by dense globular tiles similar to epigynial shield, with eight main clearly visible backward-directled transverse curved lines. Longitudinal and curved lines delimit rectangles covered by globular tiles; with three pairs of pre-anal setae, a pair of para-anal setae and a post-anal seta. Metasternal plates elongate, oval, with a pore and a simple seta. Gnathosoma. Typical for the M. glaber-group. Chelicerae robust (Fig. 3c) pilus dentilis straight; arthrodial brush reaching mid length of movable digit, movable digit with one tooth. Palpi similar to M. glaber. Epistome glaber-like in shape, with smooth lateral lobes and long and pilose central branches.
Legs. Setae simple or lightly pilose at the distal end except setae on genu I, tibia and basitarsus IV and tarsi, setae long and thin.
Etymology. The specific name refers to the ovoid body shape of the species.
Genetic analyses
ITS-1 sequence
Sequences were compared with those found on Genbank to find the limits of the ITS region. Macrocheles sequences were A+T-rich (mean 65.1%), but 50.7% and 57.3% for Coleolaelaps agrestis and Sternostoma strandtmanni respectively, taken as outgroups. No variable sites were found among individuals of most species from two origins (M. lumareti, M. bertrandi, M. ovoidalis, M. muscaedomesticae and M. robustulus); six nucleotides differed for the M. glaber from different origins.
Intra-and inter-specific distances
Macrocheles lumareti, M. bertrandi, M. ovoidalis, M. muscaedomesticae and M. seraphim did not show intra-specific variation (intra-specific genetic distance = 0), but M. glaber showed some variability between individuals (intra-specific genetic distance = 0.014). Intra-specific distance in M. glaber was less than one third of the smallest inter-specific distance found between M. seraphim and M. muscaedomesticae (5.5%).
Inter-specific distances ranged from 0.055 to 0.257 among Macrocheles spp.
Phylogenetic relationships ITS analysis yielded a single most parsimonious tree (length = 434; CI = 0.853; RI = 0.819; HI = 0.148) with 152 parsimony informative characters (Fig. 4) . Conspecific individuals clustered together with zero branch length, except M. glaber. The closest related species to M. lumareti was M. glaber. In this analysis, M. ovoidalis was well separated from the other species. 
Discussion
No intraspecific difference in ITS-1 sequences was found within the species examined, with the exception of the opportunistic species M. glaber. This cosmopolitan species is characterized by genetic polymorphism, and is consistent with the morphological variability in this species and the difficulty of separating this species from its sibling species (Filipponi & Pegazzano, 1962; Cicolani et al., 1981) . In the same way, Navajas et al. (1999) and Gandolfi et al. (2001) found zero intraspecific distances for this marker in some Phytoseiidae (Acari: Mesostigmata) and in Darwinulidae (Crustacea: Ostracoda) .
Macrocheles lumareti has to be included in the glaber-group sensu lato (Walter & Krantz, 1992) , defined by the procurved line on the dorsal shield, a well-defined linea media transversa, and distally pilose dorsal setae j1, j4 and z4 (Filipponi & Pegazzano, 1962; Walter & Krantz, 1986 , 1992 Halliday, 1986a (Niogret et al., 2006) , even for generalist species.
Macrocheles bertrandi is an interesting species that shares morphological characteristics of the M. glaber and M. muscaedomesticae groups. The procurved line on the dorsal shield, typical of the M. glaber-group (Walter & Krantz, 1986 ) is marginally obscure in M. bertrandi, and the angular lines forming a U-shaped marking on the sternal shield is a characteristic of the M. muscaedomesticae-group (Halliday, 1990) . Indeed, Halliday (1990) described Australian species of the M. muscaedomesticae group on the base of the ornamental pattern of the female sternal shield, with a transverse line joining the bases of the second pair of sternal setae and a pair of lines passing through the first sternal pores and running obliquely back toward the center of the shield, forming a U-shape, as in M. muscaedomesticae.
The M. muscaedomesticae-group species share the same sternal pattern of ornamentation in females (Halliday, 1990 ), but are strongly variable in their dorsal seta pilosity and shield ornamentation, and are ecologically variable. Macrocheles kappa Halliday, 1990 is the most similar to M. bertrandi in the appearance of its dorsal shield. Macrocheles kappa has a dorsal shield pattern of minutely punctate polygons, and a weakly visible procurved transverse line, as in M. bertrandi. Some important differences between the two species are setae j4 distally pilose in M. kappa but smooth in M. bertrandi, females of M. kappa are bigger (952-1078 µm vs 591 ± 45 µm) and have reduced or absent ornamentation between setae z5 and j6 (polygonal ornamentation strongly distinct on the entire dorsal shield in M. bertrandi).
On the basis of morphological criteria, M. bertrandi cannot be included as a member of the M. glabergroup because it does not have important characteristics such as the distally pilose dorsal setae j1, j4 and z4 (Filipponi & Pegazzano, 1962; Walter & Krantz, 1986; Halliday, 1986a) , nor as a member of the M. muscaedomesticae-group from a genetic point of view. Macrocheles bertrandi looks like an intermediate species between these two groups.
Macrocheles ovoidalis cannot be easily positioned among the different species groups currently used in the macrochelid taxonomy. Macrocheles ovoidalis shares several characteristics of the genera Glyptholaspis Filipponi & Pegazzano and Macrocheles. This species could be confused with Glyptholaspis by the polygonal pattern of the genital, ventri-anal and sternal shields, but M. ovoidalis does not have dentate lateral margins on the dorsal shield, and the sternal shield does not extend posteriorly beyond the middle of coxae III, both characteristics of Glyptholaspis. Macrocheles ovoidalis is smaller than species of Glyptholapsis, which includes large species as G. confusa and G. americana (>1mm) (Filipponi & Pegazzano, 1960; Halliday, 1986b) . Other Macrocheles species from Australia (Halliday, 2000) shared the same aggregated and grape-like globular sternal shield ornamentation, such as M. tessellatus Halliday, 2000 and M. spiculatus Halliday, 2000 . These species strongly differ from M. bertrandi in size (large species close to 1 mm) and their dorsal shield pilosity (29 pairs of dorsal setae in both M. spiculatus and M. tesselatus, 28 in M. ovoidalis) (Halliday, 2000) .
Both M. ovoidalis and M. bertrandi were found on Stomoxys calcitrans, a cosmopolitan haematophagous fly that oviposits in manure and decaying matter. This fly is mainly used by specialized phoretic mites such as M. muscaedomesticae and M. subbadius but also sometimes by true opportunistic species such as several M. glaber-group species.
Parsimony analysis clustered M. lumareti and M. glaber together in respect of morphological criteria. Macrocheles bertrandi branches apart from the monophyletic clade which clusters both smaller clades, grouping M. robustulus + M. seraphim + M. muscaedomesticae on one hand (bootstrap = 79), and M. glaber + M. lumareti on the other hand (bootstrap = 99). Macrocheles ovoidalis, which showed distinctive morphological characteristics (small size, ovoidal shape, sternal shield ornamentation), appeared genetically isolated from the other species. These results confirm that some morphological criteria are still inadequate to classify macrochelid species in taxonomical groups. One of them (e.g. procurved line), is exhibited by very morphologically and genetically different species (Niogret et al., 2007) , as in M. glaber and M. ovoidalis. These criteria should be considered as convergent or inherited from a common ancestor. On the other hand, other morphological characteristics that clustered species of the M. glaber-group together, such as dorsal seta pilosity (j4 and z4 pilose) and sternal shield ornamentation (linea arcuata, linea obliquae anteriores, linea obliquae posteriores well defined) (Krantz, 1981) , seem consistent with the molecular analysis and should be considered as informative in the phylogeny of Macrochelidae.
